PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



iber: WO 96#8861 

Publication Date: 5 December 1996 (05 . 12.96) 



(21) International Application 

(22) International Filing Date: 



PCT/US96/08263 
31 May 1996 (31.05.96) 



2 June 1995 (02.06.95) 



(72) Inventors: HAWLEY, Frank, W.; 1360 Capri Drive, Campbell, 
CA 95008 (US). McCOLLUM, John, L.; 19810 Merribrook 
Drive, Saratoga, CA 95070 (US). GO, Ying; 3480 
Cowper Court, Palo Alto, CA 94306 (US). ELTOUKHY, 
Abdelshafy; 509 Churchill Park Drive, San Jose, CA 95136 
(US). 

(74) A 



With international search report, 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 



(54) Title: RAISED TUNGSTEN PLUG ANTJFUSE AND FABRICATION PROCESS 

(57) Abstract 

An antiftiae (10) 
comprises a lower electrode 
(14) formed from a metal 
layer in a microcircuit (12). 
' 5 interlayer dielectric layer 
5) is disposed over the lower 
electrode (14) and has an 
aperture formed therein. A 
conductive plug, formed from 
a material such as tungsten, is 
formed in the aperture. The 
upper surface of the interlayer 
dielectric (16) is etched back 
to create a raised portion of the 
plug (18). The upper edges of 
the plug (18) are rounded. An 
"tse layer (24), preferably 
comprising a silicon nitride, 
phous silicon, silicon 

nitride sandwich incorporating a thin silicon dioxide layer (28) above or below the amorphous silicon layer (24) or such a sandwich 
structure covered by a titanium nitride layer, is disposed above the plug (18). An upper electrode (34), preferably comprising a metal layer 
is disposed over the antifuse layer (24). 
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SEECIEICATIQK 

RAISED TUNGSTEN PLUG ANTIFUSE 
AND FABRICATION PROCESS 

BACKGROUND OF THE INVENTION 



5 1. Field Of The invention 

The present invention relates to user-programmable antifuse devices. More particularly, 
the present invention relates to several embodiments of a raised tungsten plug antifuse and to 
methods for fabricating such antifuses. 

2. The Prior Art 

Various antifuse structures are known in the prior art. The prior-art antifuses may be 
divided into two groups. A first group includes those antifuses in which the lower electrode 
comprises a conductive region in a semiconductor substrate and the upper electrode comprises a 
layer above the substrate. A layer of antifuse material disposed between the lower and upper 
electrodes usually comprises a single dielectric layer or a plurality of dielectric layers. An example 
of such an antifuse is shown in United States patent No. 4,823,1 81 to Mohsen et al. and United 
States patent No. 4,543,594 to Mohsen et al. 

A second group of antifuses comprises antifuses in which both electrodes are disposed in 
layers above the surface of a substrate which may be either a conducting material, a semiconductor 
material, or an insulating material. The electrodes may comprise materials such as metal layers or 
20 polysilicon layers. A layer of antifuse material disposed between the lower and upper electrodes 
may comprise a single dielectric layer, a plurality of dielectric layers, a layer of a material such as 
amorphous silicon, or a layer of a material such as amorphous silicon in combination with one or 
more dielectric layers. The second group of antifuses is more closely associated with the present 
invention. 

25 Examples of above-the-substrate antifuses include those disclosed in United States Patent 

No. 5,070,384 to McCollum et al., United States Patent No. 5,175,715 to Husher et al., United 
States Patent No. 5,181,096 to Forouhi, United States Patent No. 5,272,101 to Forouhi et al, 
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and United States Patent No. 5,196,724 to Gordon et al. 

It is an object of the present invention to provide an improved above-the-substrate antifuse 
and methods for fabricating such an antifuse. 

BRIEF DESCRIPTION OF THE INVENTION 

An antifuse according to the present invention includes a lower electrode formed from a 
metal layer in a microcircuit. A interlayer dielectric layer is disposed over the lower electrode and 
has an aperture formed therein. A conductive plug, formed from a material such as tungsten, is 
formed in the aperture. The upper surface of the interlayer dielectric is etched back to create a 
raised portion of the plug extending from about 250 to about 1500 angstroms above the upper 
surface of the interlayer dielectric. The upper edges of the plug are rounded. An antifuse layer, 
preferably comprising a silicon nitride, amorphous silicon, silicon nitride sandwich or a silicon 
nitride, amorphous silicon, silicon nitride sandwich covered by a titanium nitride layer, is disposed 
above the plug. Oxide spacers may be disposed around the edges of the antifuse layer. An upper 
electrode, preferably comprising a metal layer including a titanium nitride barrier layer is disposed 
over the antifuse layer. 

The antifuse of the present invention may be fabricated according to another aspect of the 
present invention. A lower electrode is First formed from a metal layer disposed over an 
underlying insulating layer. A interlayer dielectric layer is formed over the lower electrode and is 
planarized using techniques such as chemical mechanical polishing (CMP). An aperture is formed 
in the interlayer dielectric layer. 

A conductive plug, comprising a material such as tungsten, is formed in the aperture. The 
upper surface of the interlayer dielectric is then etched back, exposing a portion of the plug to 
create a raised portion of the plug. The upper edges of the plug are then rounded using, for 
example, a CMP process step which also serves to smooth any rough points from the plug 
surface. 

An antifuse layer, preferably comprising a silicon nitride, amorphous silicon, silicon 
nitride sandwich or a silicon nitride, amorphous silicon, silicon nitride sandwich covered by a 
titanium nitride layer, is formed and defined over the plug and at least a portion of the upper 
surface of the interlayer dielectric layer. In a variation of this process sequence, an additional 
titanium nitride layer is formed over the plug and the upper surface of the interlayer dielectric layer 
prior to forming the antifuse layer or layers. 
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Oxide spacers are then formed around the edges of the antifuse layer. An upper electrode, 
preferably comprising a metal layer, is then formed and defined over the antifuse layer and the 
oxide spacers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a cross-sectional view of an antifuse according to a first embodiment of the 

present invention. 

FIGS. 2a-2e are cross sectional views of the antifuses of FIG. 1 shown after completion 
of selected steps in its fabrication. 

FIG. 3 is a cross-sectional view of an antifuse according to a second embodiment of the 
10 present invention. 

FIGS. 4a-4b are cross sectional views of the antifuse of FIG. 3 shown after completion of 
selected steps in its fabrication. 

FIG. 5 is a cross-sectional view of an antifuse according to a third embodiment of the 
present invention. 

15 FIG. 6 is a cross sectional view of the antifuse of FIG. 5 shown after completion of 

selected steps in its fabrication. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Those of ordinary skill in the art will realize that the following description of the present 
invention is illustrative only and not in any way limiting. Other embodiments of the invention will 
20 readily suggest themselves to such skilled persons. 

Referring first to FIG. 1, a cross sectional view of an antifuse 10 according to a first 
embodiment of the present invention is presented. Antifuse 10 is fabricated over a suitable 
substrate 12. Substrate 12 may be one of numerous things, including, but not limited to, an 
insulating layer disposed above a semiconductor substrate containing functional circuits or other 
25 structures. The nature of substrate 1 2 is not important to the present invention but those of 

ordinary skill in the art will understand that the usual environment of the present invention will be 
an integrated circuit 
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The lower conductive electrode 14 of the antifuse 10 of the present invention may comprise 
a portion of a metal layer or composite metal layer used as an interconnect layer in the integrated 
circuit and may thus be fabricated from materials known for such use. Such metal layers typically 
have thicknesses in the range of from about 5,000 angstroms to about 12,000 angstroms, typically 
5 about 9,000 angstroms, although these thicknesses are illustrative only and are not limiting. 

Persons skilled in the art are familiar with integrated circuit interconnect metal layers and the details 
of such layers need not be set forth herein. 

An interlayer dielectric layer 16 is formed over the surface of the lower conductive 
electrode 14. Interlayer dielectric layer 16 may be formed from materials such as deposited silicon 
10 dioxide. Typical interlayer dielectric layer thicknesses 16 which may be used in the present 

invention are in the range of from about 5,000 angstroms to about 15,000 angstroms, typically 
about 9,000 angstroms although this thickness range is illustrative only and not limiting. 

A conductive plug 18 is formed in an aperture in the interlayer dielectric layer 16 and 
extends above its upper surface. According to a presently preferred embodiment of the invention, 

15 the raised portion of the conductive plug 18 extends from about 250 to about 1500 angstroms 

above the upper surface of the interlayer dielectric layer 16 and is formed from a material such as 
tungsten or titanium nitride. Tungsten plug technology is well understood in the semiconductor 
arts. As presently preferred, the top edge of the tungsten plug is slightly rounded by a process 
such as chemical mechanical polishing (CMP) to reduce the otherwise overly high field 

20 concentration which would exist at the sharp edge of the upper surface of the conductive plug 1 8. 

The raised tungsten plug 18 allows the antifuse layer breakdown during programming to 
occur along the rounded corners of the conductive plug 18 due to field concentration in these 
regions. This provides the advantage of controlling where the conductive link is formed, keeping 
the link away from the edge of the antifuse layer stack where it could abut an oxide material 
25 resulting in an unsymmetrical thermal structure which could materially affect reliability of the 
programmed device. The rounding of the exposed top of the plug controls the amount of field 
concentration during programming to prevent uncontrolled breakdown. 

According to this first embodiment of the present invention, an antifuse material 20 is 
disposed above the upper surface of the interlayer dielectric layer 16. As shown in FIG. 1, the 
30 antifuse materia! 20 preferably comprises a sandwich structure including a first layer of silicon 
nitride 22, a layer of amorphous silicon 24 and a second layer of silicon nitride 26. The 
thicknesses of the layers 22, 24, and 26 will of course depend on the programming voltage 
desired. According to a presently preferred embodiment of the present invention, a thin layer 28 
of silicon dioxide, e.g. about 1 to 300 angstroms, preferably about 30 angstroms is disposed on 
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the upper surface of either first silicon nitride layer 22 or amorphous silicon layer 24. FIG. 1 
shows a thin layer 28 of silicon dioxide 28 disposed on the upper surface of first silicon nitride 
layer 22 although it is to be understood that silicon dioxide layer 28 could also be disposed on the 
upper surface of amorphous silicon layer 24. Persons of ordinary skill in the art will recognize 
5 that thin silicon dioxide layer 28 may optionally be omitted from antifuse 10. 

The purpose of oxide layer 28 is to reduce leakage and raise programming voltage applied 
in one orientation. If oxide layer 28 is placed on the upper surface of first silicon nitride layer 22, 
the programming voltage will be higher if the positive potential is applied to the lower conductive 
electrode 14. If oxide layer 28 is placed on the upper surface of amorphous silicon layer 24, the 
1 0 programming voltage will be higher if the positive potential is applied to the upper electrode. 

Antifuse 10 of FIG. 1 includes a layer of titanium nitride 30 having a typical thickness in 
the range of about 500 to about 3,000, typically about 2,000 angstroms, disposed over the upper 
surface of second silicon nitride layer 26. The titanium nitride layer 30 serves to create the 
conductive link and prevent aluminum from being incorporated into the Link. As presently 
15 preferred, after formation of the titanium nitride layer 30, the layers 22, 24, 26, 28 and 30 are 
defined in a single etching step and an oxide spacer 32 is formed around the periphery of the 
defined structure to improve step coverage of the overlying layer. 

An upper conductive electrode 34 completes the structure of antifuse 10. As with the 
lower conductive electrode 14, the upper conductive electrode 34 may comprise a portion of a 
20 metal interconnect layer in the integrated circuit containing antifuse 10. Those of ordinary skill in 
the art will recognize that other layers and structures, such as passivation layers and contacts, will 
be formed in the integrated circuit containing antifuse 10. These layers and structures are well 
known and are not shown in the drawing figures to avoid overcomplicating the disclosure and thus 
obscuring the disclosure of the invention herein. 

25 The programming of antifuse 10 of FIG. 1 will be understood by those of ordinary skill in 

the art from the following example. An exemplary antifuse may be fabricated according to the 
present invention, wherein first and second layers of silicon nitride 22 and 26 are about 65 
angstroms thick, amorphous silicon layer 24 is about 450 angstroms thick, and layer oxide 28 is 
about 30 angstroms thick and is disposed over the first silicon nitride layer 22. In such a case, the 

30 antifuse 10 should program at a voltage of about 10.5 volts if the positive potential is applied to the 
upper conductive electrode 34. On the other hand, the antifuse 1 0 should program at a voltage of 
about 12 volts if the positive potential is applied to the lower conductive electrode 14. 

Referring now to FIGS. 2a-2e, cross-sectional views of the antifuse 10 of FIG. 1 are 
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shown after completion of selected steps in the fabrication process. Referring first to FIG. 2a, 
lower conductive electrode 14 has been formed on substrate 12 by use of conventional materials 
processing technology. Portions of the layer of which lower conductive electrode 14 is a part (not 
shown) have been defined using standard photolithographic and etching techniques. Interlayer 
5 dielectric layer 16, preferably comprising a layer of silicon dioxide has been formed over me upper 
surface of lower conductive electrode 14, preferably using low-temperature deposition techniques 
and an antifuse aperture 36 has been formed therein. A tungsten plug 18 has been formed in 
antifuse aperture 36 using blanket CVD deposition techniques and has been etched back to expose 
the upper surface of interlayer dielectric layer 16 as is well known in the art. FIG. 2a shows the 
10 structure resulting after completion of these process steps. 

Referring now to FIG. 2b, the tungsten plug 18 has been raised above the surface of the 
interlayer dielectric layer 16 by etching back the surface of the 

interlayer dielectric layer 16 using techniques such as wet chemical or dry chemical etching. 
According to a presently preferred embodiment of the invention, after completion of the etetang 
15 step, the tungsten plug 1 8 extends beyond the upper surface of the interlayer dielectric layer 1 6 by 
from about 250 to about 1500 angstroms, preferably about 500 angstroms above the upper 
surface of the interlayer dielectric layer 16. FIG. 2b shows the structure resulting after completion 
of the raised plug etching step. 

Next, as shown in FIG. 2c, a chemical mechanical polishing (CMP) step is performed to 
20 slightly round the corners of the top of the tungsten plug 18. This step may be performed using 
chemical mechanical polishing equipment for about 0.5 minutes with mechanical silicon oxide 
abrasive such as is used in typical phnarization steps. FIG. 2c shows the structure resulting after 
completion of the CMP step. The CMP step removes the sharp corners of the tungsten plug 1 8 
and assures that unnecessarily high fields will not exist during application of programming 
25 voltages and result in uncertain programming voltage distributions in production. 

Referring now to FIG. 2d, antifuse layer 20 is formed. According to a presently preferred 
embodiment of the invention, a first layer of silicon nitride 22 is formed to a thickness of between 
about 1 angstrom and about 300 angstroms, typically about 65 angstroms, using CVD techniques. 
Next, a thin layer of silicon dioxide 28, having a thickness of between about 1 to 300 angstroms, 

30 preferably about 30 angstroms, is formed over the upper surface of silicon nitride layer 22, 

preferably using CVD techniques if the preferred embodiment of the invention is to be practiced. 
Next, a layer of amorphous silicon 24 is formed over the silicon dioxide layer 28 to a thickness of 
between about 100 angstroms and about 1,500 angstroms, typically about 450 angstroms, using 
CVD techniques. The amorphous silicon layer 24 may be undoped or may be doped to a level of 

35 less than about lei 8 using phosphorous, arsenic, nitrogen, or oxygen. A second silicon nitride 
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layer 26 having as thickness of between about 1 angstrom and about 300 angstroms, typically 
about 65 angstroms, is next formed over the surface of the amorphous silicon layer 24 using CVD 
techniques. Despite the showing in FIG. 2d of the positioning of the thin oxide layer 28 over first 
silicon nitride layer 22, those of ordinary skill in the art will appreciate that the thin oxide layer 28 
is formed either before the amorphous silicon layer 24 or before the second silicon nitride layer 26, 

A layer of titanium nitride 30 having a thickness of between about 500 angstroms and 
about 3,000 angstroms, typically about 2,000 angstroms, is next formed over the second layer of 
silicon nitride 26 using PVD sputtering or CVD techniques. A conventional photomasking layer 
38 is applied over titanium nitride layer 30 and the stack comprising the first silicon nitride layer 
22, thin oxide layer 28, the amorphous silicon layer 24, the second silicon nitride layer 26, and the 
titanium nitride layer 30 and is defined using conventional etching technology. FIG. 2d shows 
the structure resulting after completion of the stacked structure comprising layers 22, 24, 26, 28 
and 30 and the stack definition etching step, but prior to removal of photomask layer 38. 

Referring now to FIG. 2e, the masking layer 38 is then removed and an oxide spacer 32 is 
formed around the edge of the stacked structure. The oxide spacer 32 may be formed by a blanket 
deposition of silicon dioxide (i.e., about 3,000 angstroms) followed by an plasma etching step as 
is known in the art. FIG, 2e shows the structure resulting after completion of the spacer etching 
step. 

Next, with reference again to FIG. 1, the upper conductive electrode 34 is formed over the 
stacked structure, the oxide spacers 32, and the interlayer dielectric layer 16. As will be 
appreciated by those of ordinary skill in the art, upper conductive electrode 34 may be formed 
from a portion of an interconnect metal layer in an integrated circuit (including titanium nitride as a 
barrier layer if aluminum is used as the metal layer) and fabrication of this layer is well known to 
such skilled persons. Additional conventional back-end steps (not shown) are then used to 
passivate and otherwise complete the integrated circuit structure. 

Referring now to FIG. 3, an antifuse 40 according to a second embodiment of the present 
invention is shown in cross-sectional view. Because the antifuse 40 of FIG. 3 is similar to the 
antifuse 10 depicted in FIG. 1, structures in the antifuse 40 of FIG. 3 corresponding to structures 
in the antifuse 10 of FIG. 1 will be designated by the same reference numerals as used in FIG. 1. 
As would be expected by persons of ordinary skill in the art, the materials and layer thicknesses 
for the antifuse 40 of FIG. 3 may be the same as or similar to those of the corresponding 
structures of the antifuse 10 of FIG. 1. 

Antifuse 40 is fabricated over a suitable substrate 12. The lower conductive electrode 14 of 
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the antifuse 40 of the present invention may comprise a portion of a metal layer or composite metal 
layer used as an interconnect layer in the integrated circuit. 

An interlayer dielectric layer 16 is formed over the surface of the lower conductive 
electrode 1 4. A conductive plug 1 8 is formed in an aperture in the interlayer dielectric layer 1 6 
and extends above its upper surface. As presently preferred, the top edge of the tungsten plug is 
slightly rounded by a process such as chemical mechanical polishing (CMP) to reduce the 
otherwise overly high field concentration which would exist at the sharp edge of the upper surface 
of the conductive plug 18. 

According to this second embodiment of the present invention, a first titanium nitride layer 
42 having a typical thickness in the range of about 500 angstroms to about 3,000 angstroms, 
typically about 2,000 angstroms, is disposed over the upper surface of interlayer dielectric layer 16 
prior to formation of the composite antifuse material layer 20. 

An antifuse material 20 is disposed above the upper surface of the first titanium nitride 
layer 42. As shown in FIG. 3, the antifuse material 20 of the antifuse 40 also preferably 
comprises a sandwich structure including a first layer of silicon nitride 22, a layer of amorphous 
silicon 24 and a second layer of silicon nitride 26. As in the embodiment illustrated in FIG. 1, the 
antifuse material 20 of antifuse 40 preferably, but not necessarily, includes a thin silicon dioxide 
layer 28, having a thickness of between about 1 to 300 angstroms, preferably about 30 angstroms, 
located either between the first silicon nitride layer 22 and the amorphous silicon layer 24, or 
between the amorphous silicon layer 24 and the second silicon nitride layer 26. 

The thicknesses of the layers 22, 24, 26, and 28 will of course depend on the 
programming voltage desired. As an example, if first and second layers silicon nitride 22 and 26 
are made about 65 angstroms thick, amorphous silicon layer 24 is made about 450 angstroms 
thick, and thin oxide layer 28 is made about 30 angstroms thick, the antifuse 40 should program at 
a voltage of about 10.5 volts as previously disclosed. 

A second titanium nitride layer 30 having a typical thickness in the range of about 500 
angstroms to about 3,000 angstroms, typically about 2,000 angstroms, is disposed over the upper 
surface of second silicon nitride layer 26. The second titanium nitride layer 30 serves to provide 
material from which the conductive link is formed and to prevent aluminum from being 
incorporated into the link. As presently preferred, after formation of the second titanium nitride 
layer 30, the layers 42, 22, 24, 26, 28, and 30 are defined in a single etching step and an oxide 
spacer 32 is formed around the periphery of the defined structure to improve step coverage of the 
overlying layer and to prevent the upper electrode from shorting to the lower electrode. 
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An upper conductive electrode 34 completes the structure of antifuse 40. As with the 
lower conductive electrode 14, the upper conductive electrode 34 may comprise a portion of a 
metal interconnect layer in the integrated circuit containing antifuse 40. Those of ordinary skill in 
the art will recognize that other layers and structures, such as passivation layers and contacts, will 
5 be formed in the integrated circuit containing antifuse 40. These layers and structures are well 

known and are not shown in the drawing figures to avoid overcomplicating the disclosure and thus 
obscuring the disclosure of the invention herein. 

Referring again now to FIGS. 2a-2c and in addition to FIGS. 4a-4b, cross-sectional views 
of the antifuse of FIG. 3 are shown after completion of selected steps in the fabrication process. 

10 FIGS. 2a-2c depict the formation of lower conductive electrode 14, interlayer dielectric layer 16, 
antifuse aperture 36, and tungsten plug 18, as well as the process steps for raising the tungsten 
plug 18 above the upper surface of the interlayer dielectric layer 16 and for rounding its corners. 
FIG. 2a shows the structure resulting after formation of the tungsten plug 18 and planarization of 
the interlayer dielectric layer 16 and tungsten plug 18. FIG. 2b shows the structure resulting after 

15 completion of the raised plug etching step, and FIG. 2c shows the structure resulting after 
completion of the CMP step. 

Referring now to FIG. 4a, first titanium nitride layer 42 is formed over the tungsten plug 
18 and the upper surface of interlayer dielectric layer 16 to a thickness of between about 500 
angstroms and about 3,000 angstroms, typically about 2,000 angstroms, using PVD or CVD 
20 techniques. Antifuse material layer 20 is then formed. 

As in the embodiment of FIG. 1, it is preferred to use a multilayer structure for antifuse 
material layer 20. A first layer of silicon nitride 22 is formed to a thickness of between about 1 
angstrom and about 300 angstroms, typically about 65 angstroms, using CVD techniques. Next, 
a layer of amorphous silicon 24 is formed over the silicon nitride layer 22 to a thickness of 

25 between about 100 angstroms and about 1,500 angstroms, typically about 450 angstroms, using 
CVD techniques. The amorphous silicon layer 24 may be undoped or may be doped to a level of 
less than about lel8 using phosphorous, arsenic, nitrogen, or oxygen. A second silicon nitride 
layer 26 having as thickness of between about 1 angstrom and about 300 angstroms, typically 
about 65 angstroms, is next formed over the surface of the amorphous silicon layer 24 using CVD 

30 techniques. According to a presently preferred embodiment of the invention, a thin silicon dioxide 
layer 28, having a thickness of between about 1 to 300 angstroms, preferably about 30 angstroms, 
is formed either immediately after formation of the first silicon nitride layer 22, or immediately 
after formation of the amorphous silicon layer 24, using CVD techniques. 

9 
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A second layer of titanium nitride 30 having a thickness of between about 500 angstroms 
and about 3,000 angstroms, typically about 2,000 angstroms, is next formed over the second layer 
of silicon nitride 26 using PVD or CVD techniques. A conventional photomasking layer 44 is 
applied over second titanium nitride layer 30 and the stack comprising the first titanium nitride 
layer 42, the first silicon nitride layer 22, the oxide layer 28, the amorphous silicon layer 24, the 
second silicon nitride layer 26, and the second titanium nitride layer 30 is defined using 
conventional etching technology. FIG. 4a shows the structure resulting after completion of the 
stacked structure comprising layers 42, 22, 24, 26, 28 and 30 and the stack definition etching 
step, but prior to removal of photomasking layer 44. 

Referring now to FIG. 4b, the masking layer 44 is then removed and an oxide spacer 32 is 
formed around the edge of the stacked structure. The oxide spacer 32 may be formed by a blanket 
deposition of silicon dioxide (i.e., about 3,000 angstroms) followed by an plasma etching step as 
is known in the art FIG. 4b shows the structure resulting after completion of the spacer etching 
step. 

Next, with reference again to FIG. 3, the upper conductive electrode 34 is formed over the 
stacked structure, the oxide spacers 32, and the interiayer dielectric layer 16. As will be 
appreciated by those of ordinary skill in the art upper conductive electrode 34 may be formed 
from a portion of an interconnect metal layer in an integrated circuit and fabrication of this layer is 
well known to such skilled persons. Additional conventional back-end steps (not shown) are then 
used to passivate and otherwise complete the integrated circuit structure. 

The major difference between the antifuse 10 in FIG. 1 and the antifuse 40 of FIG. 3 is the 
presence of the titanium nitride 42 layer between the tungsten plug 18 and the first silicon nitride 
layer 22 of the antifuse material 20. Because of the presence of this layer in the antifuse 40 of 
FIG. 3, the unprogrammed antifuse will have a higher capacitance than the unprogrammed 
antifuse 10 of FIG. 1 whose lower plate comprises only the tungsten plug 18. However, the 
presence of this additional layer in antifuse 40 of FIG. 3 permits more flexibility in programming 
voltage polarity. Depending on the polarity of the programming voltage, the link material for the 
programmed antifuse will come from either titanium nitride layer 30 (positive polarity on the lower 
electrode 14) or titanium nitride layer 42 (positive polarity on upper electrode 34). 

Referring now to FIG. 5, an antifuse 50 according to a third embodiment of the present 
invention is shown in cross-sectional view, Antifuse 50 of FIG. 5 is similar to the antifuse 40 
depicted in FIG. 3, and therefore structures in the antifuse 50 of FIG. 5 corresponding to 
structures in the antifuse 40 of FIG. 3 will be designated by the same reference numerals as used 
in FIG. 3. As would be expected by persons of ordinary skill in the art, the materials and layer 
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thicknesses for the antifuse 50 of FIG. 5 may be the same as or similar to those of the 
corresponding structures of the antifuse 10 of FIG. 1 and the antifuse 40 of FIG . 3. 

Antifuse 50 is fabricated over a suitable substrate 12. Like antifuses 10 and 40 of FIGS. 1 
and 3 respectively, the lower conductive electrode 14 of the antifuse 50 of the present invention 
may comprise a portion of a metal layer or composite metal layer used as an interconnect layer in 
the integrated circuit 



As in the previous embodiments of antifuse according to the present invention, an 
interlaycr dielectric layer 16 is formed over the surface of the lower conductive electrode 14 and a 
conductive plug 18 is formed in an aperture in the interlayer dielectric layer 16 and extends above 
its upper surface. As presently preferred, the top edge of the tungsten plug is slighdy rounded by 
a process such as chemical mechanical polishing (CMP) to reduce the otherwise overly high field 
concentration which would exist at the sharp edge of the upper surface of the tungsten plug 18. 

As in antifuse 40 of the second embodiment of the present invention, antifuse 50 includes a 
first titanium nitride layer 42 having a typical thickness in the range of about 500 angstroms to 
about 3,000 angstroms, typically about 2,000 angstroms, and is disposed over the upper surface 
of interlayer dielectric layer 16 prior to formation of the composite antifuse material layer 20. 

An antifuse material 20 is disposed above the upper surface of the first titanium nitride 
layer 42. As with antifuse 40 of FIG. 3, the antifuse material 20 of the antifuse 50 also preferably 
comprises a sandwich structure including a first layer of silicon nitride 22, a layer of amorphous 
silicon 24 and a second layer of silicon nitride 26. As in the embodiment illustrated in HG. 1, the 
antifuse material 20 of antifuse 50 preferably, but not necessarily, includes a thin silicon dioxide 
layer 28, having a thickness of between about 1 to 300 angstroms, preferably about 30 angstroms, 
located either between the first silicon nitride layer 22 and the amorphous silicon layer 24, or 
between the amorphous silicon layer 24 and the second silicon nitride layer 26. 

The thicknesses of the layers 22, 24, 26, and 28 will of course depend on the 
programming voltage desired. As an example, if first and second layers silicon nitride 22 and 26 
are made about 65 angstroms thick, amorphous silicon layer 24 is made about 450 angstroms 
thick, and thin oxide layer 28 is made about 30 angstroms thick, the antifuse 50 should program at 
a voltage of about 10.5 volts as previously disclosed. 

A second titanium nitride layer 30 having a typical thickness in the range of about 500 
angstroms to about 3,000 angstroms, typically about 2,000 angstroms, is disposed over the upper 
surface of second silicon nitride layer 26. The second titanium nitride layer 30 serves to provide 
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material from which the conductive link is formed and to prevent aluminum from being 
incorporated into the link. As presently preferred, after formation of the second titanium nitride 
layer 30, the layers 42, 22, 24, 26, 28, and 30 are defined in a single etching step. 

The major difference between antifuse 50 of FIG. 5 and antifuse 40 of FIG. 3 is the 
absence of the oxide spacer 32 which was formed around the periphery of the defined structure in 
antifuse 40 of FIG. 3 to improve step coverage of the overlying layer and to prevent the upper 
electrode from shorting to the lower electrode. As shown in FIG. 5, antifuse 50 employs a 
dielectric layer 52, preferably formed from a material such as silicon dioxide, disposed over the 
stacked structure of layers 42, 22, 24, 26, 28, and 30. An aperture 54 in dielectric layer 52 allows 
upper electrode 34 to make contact with second titanium nitride layer 30. As will be appreciated 
by those of ordinary skill in the art, an additional masking and etching sequence are required to 
form aperture 54 in dielectric layer 52 of antifuse 50 of FIG. 5. 

The upper conductive electrode 34 completes the structure of antifuse 50, making contact 
with upper second titanium nitride layer 30 through the aperture 54 in dielectric layer 52. As with 
the lower conductive electrode 14, the upper conductive electrode 34 may comprise a portion of a 
metal interconnect layer in the integrated circuit containing antifuse 50. Those of ordinary skill in 
the art will recognize that other layers and structures, such as passivation layers and contacts, will 
be formed in the integrated circuit containing antifuse 50. These layers and structures are well 
known and are not shown in the drawing figures to avoid overcomplicating the disclosure and thus 
obscuring the disclosure of the invention herein. 

The fabrication of antifuse 50 of FIG. 5 may be understood with reference first to FIGS. 
2A-2c, FIG. 4a T and FIG. 6, cross-sectional views of the antifuse of FIG. 5 shown after 
completion of selected steps in the fabrication process. 

FIGS. 2a-2c depict the formation of lower conductive electrode 34, interlayer dielectric 
layer 16, antifuse aperture 36, and tungsten plug 18, as well as the process steps for raising the 
tungsten plug 18 above the upper surface of the interlayer dielectric layer 16 and for rounding its 
corners. FIG. 2a shows the structure resulting after formation of the tungsten plug 18 and 
planarization of the interlayer dielectric layer 16 and tungsten plug 18. FIG. 2b shows the 
structure resulting after completion of the raised plug etching step, and FIG. 2c shows the 
structure resulting after completion of the CMP step. 

Referring now to FIG. 4a, first titanium nitride layer 42 is formed over the tungsten plug 
18 and the upper surface of interlayer dielectric layer 16 to a thickness of between about 500 
angstroms and about 3,000 angstroms, typically about 2,000 angstroms, using PVD or CVD 
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techniques. Antifuse material layer 20 is then formed. 

As in the embodiment of FIGS. 1 and 3, it is preferred to use a multilayer structure for 
antifuse material layer 20. A first layer of silicon nitride 22 is formed to a thickness of between 
about 1 angstrom and about 300 angstroms, typically about 65 angstroms, using CVD techniques. 
5 Depending on the embodiment desired, a thin silicon dioxide layer 28 is next formed over the 
upper surface of the first silicon nitride layer 22. FIG. 4a illustrates this step. Next, a layer of 
amorphous silicon 24 is formed over the silicon nitride layer 22 or the thin oxide layer 28 to a 
thickness of between about 100 angstroms and about 1,500 angstroms, typically about 450 
angstroms, using CVD techniques. The amorphous silicon layer 24 may be undoped or may be 

10 doped to a level of less than about lel8 using phosphorous, arsenic, nitrogen, or oxygen. A 
second silicon nitride layer 26 having as thickness of between about 1 angstrom and about 300 
angstroms, typically about 65 angstroms, is next formed over the surface of the amorphous silicon 
layer 24 using CVD techniques. Those of ordinary skill in the art will appreciate that thin oxide 
layer 28 may be formed after formation of amorphous silicon layer 24 and prior to formation of 

15 second silicon nitride layer 26, rather than after formation of first silicon nitride layer 22, although 
this option is not illustrated in the figures. 

A second layer of titanium nitride 30 having a thickness of between about 500 angstroms 
and about 3,000 angstroms, typically about 2,000 angstroms, is next formed over the second layer 
of silicon nitride 26 using PVD or CVD techniques. A conventional photomaslcmg layer 44 is 

20 applied over second titanium nitride layer 30 and the stack comprising the first titanium nitride 

layer 42, the first silicon nitride layer 22, the amorphous silicon layer 24, the second silicon nitride 
layer 26, and the second titanium nitride layer 30 is defined using conventional etching 
technology. FIG. 4a shows the structure resulting after completion of the stacked structure 
comprising layers 42, 22, 24, 26, 28, and 30 and the stack definition etching step, but prior to 

25 removal of photomasking layer 44. 

Referring now to FIG. 6, the masking layer 44 is then removed and a dielectric layer 52 is 
formed over the stacked structure and interlayer dielectric layer 16. The dielectric layer 52 may be 
formed by a blanket deposition of silicon dioxide (i.e., about 500 to about 3,000 angstroms, 
typically about 1,000) as is known in the art A photomask 56 is formed over the surface of 
30 dielectric layer 52 using conventional photolithography techniques. Aperture 54 is next formed in 
dielectric layer 52 to expose the upper surface of second titanium nitride layer 30. FIG. 6 shows 
the structure resulting after completion of the aperture etching step but prior to removal of 
photomask 56. 

Next, with reference again to FIG. 5, the upper conductive electrode 34 is formed over the 
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stacked structure, the dielectric layer 52, and the interlayer dielectric layer 16. As will be 
appreciated fay those of ordinary skill in the art, upper conductive electrode 34 may be formed 
from a portion of an interconnect metal layer in an integrated circuit and fabrication of this layer is 
well known to such skilled persons. Additional conventional back-end steps (not shown) are then 
5 used to passivate and otherwise complete the integrated circuit structure. 

The major difference between the antifuse 40 in FIG. 3 and the antifuse 50 of FIG. 5 is the 
absence of the oxide spacers 32 and the presence of the dielectric layer 52. As noted, this 
embodiment requires an additional masking and etching sequence to form the aperture 54 in 
dielectric layer 52. The advantage of the embodiment of FIG. 5 over the embodiment of FIG. 3 is 
10 that, forming, patterning, and etching dielectric layer 52 is more controllable than controlling 
spacer sidewall height 

While embodiments and applications of this invention have been shown and described, it 
would be apparent to those skilled in the art that many more modifications than mentioned above 
are possible without departing from the inventive concepts herein. The invention, therefore, is not 
15 to be restricted except in the spirit of the appended claims. 
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What is Claimed is: 

1 . An antifuse comprising: 

a lower conductive electrode having an upper surface and disposed over an 
insulating layer; 

5 an interlayer dielectric layer disposed over said upper surface of said lower 

conductive electrode, said interlayer dielectric layer having an upper surface and having an aperture 
communicadng with said lower conductive electrode formed therein; 

a conductive plug disposed in said aperture, said conductive plug having an upper 
surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
10 upper surface being rounded; 

an antifuse layer having an upper surface and disposed over all of said upper 
surface of said conductive plug and at least a portion of said upper surface of said interlayer 
dielectric layer; and 

an upper electrode disposed over said upper surface of said antifuse layer. 

15 2. The antifuse of claim 1 wherein said antifuse layer comprises a first layer 

comprising silicon nitride, a second layer comprising amorphous silicon, and a third layer 
comprising silicon nitride. 

3 . The antifuse of claim 2 wherein outer edges of said first kyer said second layer and 
said third layer form a substantial vertical wall and further including an oxide spacer in contact 

20 with said vertical wall. 

4 . The antifuse of claim 2, further including a layer of silicon dioxide disposed 
between said second layer and one of said first and third layers. 

5 . An antifuse comprising: 

a lower conductive electrode having an upper surface and disposed over an 
25 insulating layer; 

an interlayer dielectric layer disposed over said upper surface of said lower 
conductive electrode, said interlayer dielectric layer having an upper surface and having an aperture 
communicating with said lower conductive electrode formed therein; 

a conductive plug disposed in said aperture, said conductive plug having an upper 
30 surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
upper surface being rounded; 

an antifuse layer having a lower surface disposed over all of said upper surface of 
said conductive plug and at least a portion of said upper surface of said interlayer dielectric layer, 

15 



WO 96/38861 



PCT/DS96/08263 



and an upper surface; 

a layer of titanium nitride having an upper surface and a lower surface disposed 
over said upper surface of said antifuse layer, and 

an upper electrode disposed over said upper surface of said layer of titanium 

5 nitride. 

6 . The antifuse of claim 5 wherein said antifuse layer comprises a first layer 
comprising silicon nitride, a second layer comprising amorphous silicon, and a third layer 
comprising silicon nitride. 

7 . The antifuse of claim 6 wherein outer edges of said first layer said second layer and 
10 said third layer form a substantial vertical wall and further including an oxide spacer in contact 

with said vertical wall. 



8 . The antifuse of claim 6, further including a layer of silicon dioxide disposed 
between said second layer and one of said first and third layers. 

9. An antifuse comprising: 

15 a lower conductive electrode having an upper surface and disposed over an 

insulating layer, 

an interlayer dielectric layer disposed over said upper surface of said lower 
conductive electrode, said interlayer dielectric layer having an upper surface and having an aperture 
communicating with said lower conductive electrode formed therein; 
20 a conductive plug disposed in said aperture, said conductive plug having an upper 

surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
upper surface being rounded; 

a first layer of titanium nitride having an upper surface and disposed over all of said 
upper surface of said conductive plug and at least a portion of said upper surface of said interlayer 
25 dielectric layer; 

an antifuse layer having a lower surface disposed over all of said upper surface of 
said first layer of titanium nitride, and an upper surface; 

a second layer of titanium nitride having an upper surface and a lower surface 
disposed over said upper surface of said antifuse layer; and 
30 an upper electrode disposed over said upper surface of said second layer of 

titanium nitride. 



1 0. The antifuse of claim 9 wherein said antifuse layer comprises a first layer 
comprising silicon nitride, a second layer comprising amorphous silicon, and a third layer 
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comprising silicon nitride, a second layer comprising amorphous silicon, and a third layer 
comprising silicon nitride. 

11. The antifuse of claim 10 wherein outer edges of said first layer said second layer 
and said third layer form a substantial vertical wall and further including an oxide spacer in contact 

5 with said vertical wall. 

12. The antifuse of claim 10, further including a layer of silicon dioxide disposed 
between said second layer and one of said first and third layers. 

13. In an antifuse fabrication process formed on an insulating layer, including the steps 

of: 

10 forming a lower conductive electrode having an upper surface and disposed over 

the insulating layer; 

forming an interlayer dielectric layer over said upper surface of said lower 
conductive electrode, said interlayer dielectric layer having an upper surface; 

forming an aperture within said interlayer dielectric layer communicating with said 
15 lower conductive electrode formed therein; 

forming a conductive plug in said aperture, said conductive plug having an upper 
surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
upper surface being rounded; 

forming an antifuse layer having an upper surface over all of said upper surface of 
20 said conductive plug and at least a portion of said upper surface of said interlayer dielectric layer; 
and 

forming an upper electrode over said upper surface of said antifuse layer. 

14. The method of claim 1 wherein the step of forming said antifuse layer further 
includes the steps of forming a first layer comprising silicon nitride, a second layer comprising 

25 amorphous silicon, and a third layer comprising silicon nitride. 

15. The method of claim 2 wherein outer edges of said first layer, said second layer 
and said third layer form a substantial vertical wall and further including the step of forming an 
oxide spacer in contact with Mid vertical wall. 

16. The method of claim 2, further including the step of forming a layer of silicon 
30 dioxide between said second layer and one of said First and third layers. 



17 



WO 96/38861 



PCT/US96/08263 



17. In an antifuse fabrication process formed on an insulating layer, including the steps 

of: 

forming a lower conductive electrode having an upper surface and disposed over 
the insulating layer; 

5 forming an interlayer dielectric layer over said upper surface of said lower 

conductive electrode, said interlayer dielectric layer having an upper surface; 

forming an aperture within said interlayer dielectric layer communicating with said 
lower conductive electrode formed therein; 

forming a conductive plug in said aperture, said conductive plug having an upper 
10 surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
upper surface being rounded; 

forming an antifuse layer having an upper surface over all of said upper surface of 
said conductive plug and at least a portion of said upper surface of said interlayer dielectric layer; 

forming a layer of titanium nitride having an upper surface and a lower surface 
1 5 over said upper surface of said antifuse layer, and 

forming an upper electrode over said upper surface of said layer of titanium nitride. 

1 8 . The method of claim 5 wherein the step of forming said antifuse layer further 
includes the steps of forming a first layer comprising silicon nitride, a second layer comprising 
amorphous silicon, and a third layer comprising silicon nitride. 

20 19. The method of claim 6 wherein outer edges of said first layer, said second layer 

and said third layer form a substantial vertical wall and further including the step of forming an 
oxide spacer in contact with said vertical wall. 

20. The method of claim 6, further including the step of forming a layer of silicon 
dioxide between said second layer and one of said first and third layers. 

25 21. In an antifuse fabrication process formed on an insulating layer, including the steps 

of: 

forming a lower conductive electrode having an upper surface and disposed over 
the insulating layer; 

forming an interlayer dielectric layer over said upper surface of said lower 
30 conductive electrode, said interlayer dielectric layer having an upper surface; 

forming an aperture within said interlayer dielectric layer communicating with said 
lower conductive electrode formed therein; 

forming a conductive plug in said aperture, said conductive plug having an upper 
surface raised above said upper surface of said interlayer dielectric layer, an outer edge of said 
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forming a first layer of titanium nitride having an upper surface and over all of said 
upper surface of said conductive plug and at least a portion of said upper surface of said interlayer 
dielectric layer; 

forming an antif use layer having a lower surface over all of said upper surface of 
said first layer of titanium nitride, and an upper surface; 

forming a second layer of titanium nitride having an upper surface and a lower 
surface disposed over said upper surface of said antifuse layer; and 

forming an upper electrode disposed over said upper surface of said second layer of 
titanium nitride. 

22. The method of claim 9 wherein the step of forming said antifuse layer further 
includes the steps of forming a first layer comprising silicon nitride, a second layer comprising 
amorphous silicon, and a third layer comprising silicon nitride. 

23 . The method of claim 10 wherein outer edges of said first layer, said second layer 
and said third layer form a substantial vertical wall and further including the step of forming an 
oxide spacer in contact with said vertical wall. 

24. The method of claim 10, further including the step of forming a layer of silicon 
dioxide between said second layer and one of said first and third layers. 
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